Heavy Higgs
Searches from
. CMS

Northwestern University
10/7/15




Contents

* Diboson Analyses
o WW/ZZ

° VY, 4y
e Zh, ZA/ZH
e hh

* Comparison and Conclusion

2 Brian Pollack ——



arXiv:1504.00936

H—WW

5fb1@7 TeV + 20 fb! @ 8TeV

- QMS 1950’8 Tev) 5 CMS__ 193" (8TeV)
©1200F H > ww - ev (av —+— Observed 1 3 H->WW - uvqq  —+ Observed -
@) i 0-jet, DF . h(125) - O unmerged-jet category  WW+WZ
1000k W+jets - o 10 B V+jets =
2 mm V+Z/y* E B Top quark -
2 e mm VVV » 10° — H(500) x5
& 800 o+ Top quark S
S [ e . Zy ] @ 10°
Ll 600 ma WW -
Uncertainty - 10
400 —— H(400) x 5
200 ‘
0 ' 107400 600 800
100 150 200 250 300 350 My [GEV]
m; [GeV]
WW—{viy WW = Lvjj (fvd)
ee,uy, el eVjj,uVjj
Higher sensitivity for evd,uvd
low mass J: merged jets

3 Brian Pollack



511" (7 TeV) + 19.7 fb" (8 TeV)

H—

¥4

arXiv:1504.00936

' - -1 51fb"7TV+197fb“8TV
35F  [wozoz2z 4 oo 5fb' @7 TeV + 20 fb! @ 8TeV - 20 EMS 2 TeV) (8 TeV)
2 H->zz->2 2t og,sen,ed
gl vz |
8 201 ? - ol ! 2z
§ .Z+X ZZ—’EKZZ ; 151 -Z+X -
1 | 4e,4p,2e2p 77 —lTT 2 m,= 350 Ge
1of | best sensitivity eEeTT,PUTT .
| for lower masses :
200 300 400 500 7900 :
GeV .
Mez [GV] 0=200 400 600 800 700K
m,, [GeV]
S140,CMS__ 51 17(7 Tev) + 197 " (8 Tev) > 10° gMi - : ()‘j;f:egﬂTeV)
) - H 22 —)282\/ ¢ Observed T inhin. I
O120 et (0 Zejets - ZZ—'[[qq(HJ)O oo Sevobte % ?]ets
(00)
5100 I Top quark Wil W 77, p eeqq,uHad » W ZZ+WZ
‘q;':; sol- E;vzz p < 10° "] Uncertainty
> 1 eevw,puvw  eeduuyds L e H(400
@ oo Hido | SeVW,HpWV eeJ,ouLlJ (400)
wof  VBFHU0Ox10 4 best sensitivity
3 ] 10F
20} 1 for higher masses 1 j
07200 300 400 500 600 700 400 600 800
m; [GeV] m,; [GeV]

4 Brian Pollack




H —> WW / Z Z arXiv:1504.00936

Limits for EWK Singlet C’

' [ ' «1 4
L. imits for SM h Coupllng . CMS Upt05.11b" (7 TeV) + up 10 19.7 1b” (8 TeV)
o 4
= 10° CMS uo105.1 1" (7 TeV) + up 10 19.7 b (8 TeV) 0.6 __'
o‘” w— Combined === Combined (oxp. * 20) -
B ——HoWW 5 2(2v=—H > WW - Ivqq .
c 10— nozza2n —H 2z 40 0.4 —
_f.._) ——H - 2ZZ 202 X
E jop—woz- -
J : . —
O 0.2k —
X1k -
N | RS e
» g - .
10" 0— N . N 2 L N L A |
200 300 400 500 600 700 G {,(iOO
) . m, [Ge
. [ P v T T aa o ) o .o o N i " "
10°°500 400 600 800 _ 1000 200 400 600 800 1000 C2+(C%=1,
my, [GeV] m,, [GeV]
C (C’) = coupling for h (H) to V
cMS up 10 5.1 16" (7 TeV) + up 1o 19.7 fb” (8 TeV) cMs up 10 5.1 fb™ (7 TeV) + up to 19.7 b (8 TeV)
3 o] 3 3Q
> 2 e £
S~ h =
e "~ —_
3 g

Varying signal
width assumptions ¢

300 400 500 600 700 1000
my, [GeV]

5 Brian Pollack



cds.cern.ch/record/1997885

X N y y / Z y arXiv:1506.02301

X2V 20 fb! @ 8TeV X2y
2 10°Fcms —V - . 19.7 b (8 TeV)
g . .=~ 1 Signal Width: Narrow to broad & oS
) : ] - -~
5 10F o widths investigated. - Frefminary
< — BW® Resolution : 102§_
L 1 Spin 0 and spin 2 signals. 3 L
2 3 o
C 3 N 10
ol 1 Narrow (0.1 GeV), Broad (10% mx) £
; ﬂ TR N s U
i | : 1 Background Model
107 5755145 ——Teb——T85——500 Spin O only - B8t
mn[ eV) SM i |:|¢20
RTETSI NarrOW(1%mX),Broad(|_h ) B N N RV AP I P N TR A
> C'MS‘ L All I m d 200 300 400 500 600 m700 (Ge \E/3)00
Q < cum ne i i i uy
G 107§ f Data : Event Categorization
= . E:IL' | 19.7 fo™! (8 TeV)
2 10 Msemenny ] EVENtS categorized w.r.t y shower : CMS
g - Preliminary
@ 102 1 shape and ny. L
. | -
10§ Whie, .. Events categorized w.r.t leptond [
i | f % 10
1 Hi avor (ee, yu) 2 0
nm: R I
0" | Backgrounds estimated 1L —— Background Model 2
200 400 600 800 1000 i i - [ <10
through parametric data driven | .2 I |
; - ol e Lo Lo Ly Ll
techn|ques_ 200 300 400 500 600 m7e(:§) Ge \%)c

6

Brian Pollack



http://cds.cern.ch/record/1997885

Ay Yy

19.7 1b (8 TeV]

L) IIIIIII

3 L] I L S B B l T 1 171 I LI S - 1
S CMS All classes comblned R @ 5 _ 19.7 (8 TeV)
3 ~ |I';=0.1 GeV; spin-0 - - Al L ~ad | | i
E | Spin-0 Limits, S [ CMS o ioMAyy
=10 . ' | = Observed E - L m, =200 GeV: m, = 200 GeV
-~ e :
3 8 eecceaze | 3 Narrow Width ot .. — Observed |
g s Expected:20 | Fl e NLOewpected
-2 Sl - Y — i
107F E - BB NOepecieditc
X - e NLO expected+2¢
10—3 ...... — [~ : : :

10—4Allllllllllllllllllllllllllllllllll

2HDM (Type-|)
200 300 400 500 600 700 800 R N

My (GeV] Parameter bz 04
19.7 b (8 TeV) cos(p-o)

EEEEERREEREREERE R DR .
| space limits . s 197" (8 TeV)

CMS

|

.
.
. —
=

(=]
4~
=)
(N}
O

cMs AT Categorles Combined

:Prellm/naryé | Width: 10% of m, [GeV] Splﬂ -0 Lim itS,

10-1 E_ ...... ..................... ..................... —— Observed |
| eededs 1o Broad Width

- - -- Expected + 20

Type | 2HDM; A — y v
m, =300 GeV; m, - 300 GeV

~——— Qbserved

tan

------ NLO expected

- NLO expected + 1o

------ NLO oxpected+ 2 o

W
SN | 1 1] i l | PN PP | 1 l 14 | 1 13 ' 1 I 13 ]

10-4IlillllillllillIlillllillllillllill

200 300 400 500 600 700 mXS[gSV] e

7 Brian Pollack cos(p-a)



http://cds.cern.ch/record/1997885

cds.cern.ch/record/1997885

X —> : Z y arXiv:1506.02301 (=

19.7 b™ (8 TeV) 19.7 b™ (8 TeV)
- 2
L CMS - CMS |

S £ Preliminary Broad signal model o) 1.8 preliminary Narrow signal model
— 1.8 Observed 16 Observed
=60 E== Expected = 10 = [ m== Expected = 10
< Expected + 2 ¢ L T ——— Expected = 2 ¢
> >
w 14 W2
< 1.2 $ ’
T . h
CQ x 0.8
< 0.8 < -
<’f\: - <1)\: 0.6
8%°F Soal
004 5

- 0.2

0.2 o L Cooococ o b oo b b e b
200 250 300 350 400 450 500 200 250 300 350 400 450 500
m, (GeV) m, (GeV)
Broad signal width Narrow signal width

8 Brian Pollack


http://cds.cern.ch/record/1997885

cds.cern.ch/record/2014119

Zh / ZH / Z A X 1500, 04710

20 fb-1 @ 8TeV

A -»2Zh-»ebb (8=, 7!

Motivated by 2HDM.

2 1 2
o i ¢
H 1
* A—Zh—££bb, SM h 1. {4
= ;;j; _jj ! sttt t
. g e meimer | § MRS
- BDT optimized for low, e ERRE I '
intermediate, high mass E
regions oA o
2 so- | ERR- 4
: @
3 QW—Q————— —] =
-50'-..0 — 8
200 250 300 350 400 450 S00 S50 600 650 V0o 40 4
Mypps, [GeV) 200 250 300 350 400 450 S00 SS0 600 650 700
My, (GeV]
* H(A)—A(H)Z— 22bb(tT), e
(O} B + CMS
(D L Preliminary |
Heavy H,A 51200; —o— Data i
1000 mziw -, CMSProiminay 1981 (0 TeV)
] () i ] :x: O " I Zn(125GeV) > e B wzz uu T T .
TT— eH,eTh,HTh, ThTh i goof mw o E . =T o
. ool Mo | D ST
* Large phase space in : e 10k
400+ wz — a SR ]
i @zz ] B ]
mMma, MH 200} ; E
% 200 400 600 800 1000 10° E
M, (GeV) ]
Q L 2F 1 EE 10 3
SO et b b
s 0.5 E -3
e 00 200 400 600 800 1000 10

My, (GeV) M. (GeV)

9 Brian Pollack


http://cds.cern.ch/record/2014119

L=19.7 fb" (8 TeV)

3 70 T T llllJIIlIlIiIllIl.lJIl_
ql:' 60 ................. ..................... .................. ]
S S0 prgliminary 95% CL Liiits -
g QO oot S e Observed """"""""" —
P B0 [\ b
e
N 20 AL W oicooeeqeeeeneeendren e O ST
i
<
m '
< OV Narrow Width
""""" Signal (0.1 GeV)
2 ................................................................................
1 S —
0.8 _l'l‘llrll1|llIll1|lll|rl1||l|f|‘||lll il A el el i
250 300 350 400 450 500 550 600
m, [GeV]
A —+ Zh - 2ebb L=19.7fo" (8 TeV)
gzs:vtlrltltl'rtttltltl]lrrt:
g 50 CMS 95% CL limits .
§ 40F —— Observed 7
t 3o e Expected 7
,ﬁ 20 0 Expected £ 10
1 Expected 20
<
] .
g Broad Width
Signal (30 GeV)
. I,= 30 GeV
o 8 - 1 1 1 L l L 1 L A l L 1 1 L l 1 1 1 1 l 1 L L
350 400 450 500 550 600
m, [GeV]
10 Brian Pollack

cds.cern.ch/record/2014119

arXiv:1504.04710
A_.Zh—.cebb L=19.7 fb (8 Tev
@ Frr " Tl T ;
S | CMS 95% CL limits ]
- — Observed
] ## Excluded region |
- e Expected .
I Expected =10

10 Expected <20 |
1 =
! Type-l 2HD =300 GeV

-1 1 1 1 1 1 1 l 1 1 1 1
1074 05 0 0.5 1
cos(p-o)



http://cds.cern.ch/record/2014119

TH/7ZA ==

cds.cern.ch/record/2014119

19.8 fb™ (8 TeV)
- 770 102 §
(0] - vo
S 900F g
T -
> - ©
800 b - 1
g g CMS Preliminary 19.8 fb" (8 TeV) i
ook 3 <1000¢ | 777 R0 E
C x - S D
: ) ) B 7
600 S 900F /4 >
s - /4 3
500[ 10 A < g 10" 3
| Expected Limits = gof 5
400; : 74 =
300} 7001~ (® ®
C _ E
000y 600F- 3
100> - , ©
A 500¢ 10
% 200 400 600 800 1000 | -
M, (GeV) 400F
1000 CMS Preiiminary 19.8f0" (8 TeV) & 3005 10
> C 1 '
) - 4 " = |
S 900 2 - ?Z
= f zzz S =
= 800 7 8 200_ //222§// 1
- 7 > W7
- o 1002 --- Exp. Excl
a 8 g 3 P EXCl
- © - —Obs. Excl
600: 077/4//4 T T T T A SR A S S M S R N 10-1
500k 10 S 0 200 400 600 800 1000
5 Observed Limits M, (GeV)

400

300

200

100}

11

707 -
it A

200 400

6

Brian Pollack

00

800 1000
M, (GeV)

2HDM type-l
(alignment limit benchmarch)


http://cds.cern.ch/record/2014119

arXiv:1503.04114

X—hh—Dbbbb

18 fb!' @ 8TeV

17.9fb" (8 TeV)

> CMS ——DaainSR_ - 12:|1b“(87ew

O o — igrw , \ o mme~ e xpected limit

2 % —.¢= | Spin-0 and Spin-2 narrow - CMS B Expecied £ 10

-k i Expected 2 o

§ 20[- T s 0% e Observed limit

@ “F e resonances tested. : — Radion Ay = 1 TeV
T kL = 35, no R’H mixing

@
E:
T
: :
151 s 1% { T 10k
U
F ,,i "}\ | < l Events brokeninto3 4
11~ S AL . . . © 10
1 928 \L#, -, 1| regions (low, intermediate, 5 |
....1.,..1L..Jv1:.~.., . E
W0 wo e T w0 - oo high mass) due to o
2 changing kinematics. & |
1 th MHHH ﬁw;};ﬂ o D405 1055 S
,Em fre e : ? ﬁﬂ?* ’Hi{l '] m, (GeV)
S LS _dri RPN
oo st o0 iy o Data-driven BG Spin-0 limits
| | estimation, - -
Intermediate Mass Region Radion comparison

multiple control regions.

12 Brian Pollack OGS



13

95% CL upper limits on oxBR
AsSsuming narrow signal models (resolution is detector-limited)

oxBR: X— 250 GeV 500 GeV 800 GeV
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Summary

* Heavy Higgs-like searches have been performed in
numerous channels at CMS:

o 77, WW, vy, 2y, Zh, ZX, hh.
* No appreciable excess has yet to be seen.

 However, upper limits place strong constraints on BSM models.
* All analyses will be conducted on 13 TeV data.

* These are important channels for probing new physics, and will
benefit greatly from increased energies and integrated luminosity.
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